Rationale and Objectives-To evaluate differences in fluoroscopy time (FT) for common vascular access and gastrointestinal procedures performed by radiology trainees versus faculty radiologists.
Introduction
Efforts to reduce radiation dose during imaging-guided procedures is increasingly prioritized in the medical imaging community, particularly as procedure volumes increase nationally and radiologists play an increased role in the delivery of these services. [1] [2] [3] [4] [5] In the 1980s, medical procedures contributed to 15% of the average annual radiation exposure received by the U.S. population; in 2006 they contributed 48%. 6 Although much recent focus of radiation dose reduction has been on computed tomography (CT), there have been frequent innovations in imaging-guided procedures, and many involve fluoroscopy. As a result, the proportion of medical radiation exposure due to interventional fluoroscopy increased from 3% to 14% between the 1980s and 2006. 6 At academic institutions, radiology residents frequently serve as the primary operators for imaging-guided procedures. Habits learned during training can be enduring, and thus efforts during early training to keep radiation doses "as low as reasonably achievable" (ALARA) 7 may provide long-term population benefits. Training and modeling of best practices for operator protection and awareness of personal protective would also provide a lifetime benefit to trainees as they begin their career. 8 Two narrowly procedure focused recent studies have demonstrated that radiologists in training use longer fluoroscopy times (FTs) compared with their faculty counterparts. found that the average FT for 537 temporary jugular central venous catheter (CVC) placement procedures by staff radiologists was significantly shorter than that of radiology residents. 9 A similar study aimed to determine whether voiding cystourethrography (VCUG) FT is related to the training level of the performing radiologist. 10 In 748 cases, Lim et al. (2013) found that attending pediatric radiologists had significantly shorter FTs than that of senior residents and fellows. In a more recent study of 594 lumbar puncture procedures performed by neuroradiology fellows, FT declined as trainees progressed through their fellowship year. 11 These small single facility reports all suggest that a higher level of radiologist experience has an inverse effect on average FT. But, these findings have not been replicated in larger studies or in ones involving a broader array of fluoroscopic guided procedures. As such, their generalizability remains uncertain.
The purpose of this study is to further investigate differences in FT for a variety of imagingguided procedures performed by radiology trainees versus faculty radiologists over five years at two university hospitals. Our hypothesis, based intuitively and on prior published work, is that the average FT will be inversely related to radiologist training level and experience. A better understanding of this information could aid residency and fellowship programs as they consider instituting specialized training in the safe use of fluoroscopy (e.g., online training program in the safe use of fluoroscopy 12 , simulation-based training, and formal classroom training in radiation safety and fluoroscopy) or consider other quality improvement efforts, such as a preprocedural checklist for fluoroscopy studies to optimize safe fluoroscopy tower operation or a fluoroscopy competency check-off to assure appropriate education of radiology trainees. [13] [14] [15] [16] Given the significant increase in radiation exposure related to medical imaging over the past decades, radiation safety and dose reduction techniques have become a priority for radiology training programs. 13 
Materials and Methods
We conducted a retrospective review of radiology interpretative reports for a 66 month study period from January 2010 to June 2015. Institutional Review Board approval was obtained and HIPAA compliance maintained.
Since the implementation of the Medicare's Physician Quality Reporting Initiative 17 , efforts to include FT in all of our healthcare system's radiology department fluoroscopy examination imaging reports have been a priority. Utilizing examination identifier information, we accessed our health system's clinical data warehouse, which contains all recent radiology information system (RIS) data. We identified and retrieved all reports of vascular access and gastrointestinal fluoroscopy procedures performed between January 2010 and June 2015 at two separate large metropolitan teaching hospitals within our health system. These procedures were performed on 14 different fluoroscopy units from 3 different manufacturers in both angiography and diagnostic radiology suites (see Table 1 ). FT and operator type (resident vs. fellow vs. faculty) recorded in imaging reports were extracted for the following ten procedures: peripherally-inserted central catheter (PICC), tunneled catheter, central port, central vascular access catheter placement, esophagram, upper gastrointestinal series, upper gastrointestinal series with small bowel follow through, small bowel series, contrast (e.g., barium, gastrograffin) enema studies, and placement of feeding tubes.
findings arise. When neither a resident nor a fellow is available, our faculty radiologists alone perform procedures.
For all targeted vascular access and gastrointestinal fluoroscopy reports, we extracted the following variables: date of procedure, name of the physician(s) performing the procedure, and FT. FTs are recorded manually from the fluoroscopy console into the radiology information system by the radiology technologist and added to the imaging report by the operator. Because most of the reports followed a template, we parsed FT for these procedures from the report text using a simple string search. The level of training for each non-faculty operator was calculated based on the date of the procedure and the year that the radiologist began his or her radiology residency or fellowship. Radiologists were divided into two groups: trainees and faculty radiologists. The former group was additionally divided into residents and fellows. Services where a non-physician provider (nurse practitioners or physician assistant) was the primary operatory were excluded. The average FT was calculated for each group across all ten procedures.
Statistical Analysis
A negative binomial generalized linear model was constructed with FT as the dependent variable and faculty radiologist versus resident/fellow and procedure as the predictor variables. Tukey all-pair comparisons procedure was performed to test for statistically significant differences in average FTs. A P value of < 0.05 was considered statistically significant. Data were collected in Excel 2011 (Microsoft) and statistical analysis was performed using statistics software (R-project.org).
Results
FT was recorded in 17,549 of 17,966 reports for vascular access and gastrointestinal fluoroscopy procedures of interest. The 1,393 cases performed by a transitional year intern, nurse practitioner or physician assistant were excluded from the analysis, resulting in a study cohort of 16,156 services. Of these, 10,088 and 6,068 reports at each university hospital, representing a total of 16,156 (90%), included documentation of FT. Of the remaining cases, radiology residents and fellows were primary operators in 5,066 and 6,489 procedures, respectively. Faculty radiologists were primary operators in 4,601 procedures. Relatively few gastrointestinal fluoroscopy studies were performed by fellows (177 total) and about half of these were esophagrams.
Average FT (in seconds) of residents and fellows was significantly less than that of faculty radiologist services (p<0.01) only for PICC placement (residents vs. faculty: 75 vs. 148, fellow vs. faculty: 101 vs. 148). For all other procedures, the average FT of resident and fellow services was greater than those of faculty, and this was statistically significant for fellows vs. faculty in central port placement (121 vs. 87, p <0.01), resident vs. faculty for small bowel series (130 vs. 96, p < 0.05), and both residents and fellows vs. faculty for esophagram (residents vs. faculty: 143 vs. 126, p < 0.01; fellow vs. faculty: 183 vs. 126, p<0.01). The average FTs for the resident versus faculty, fellow vs. faculty, and resident vs. fellow groups across all ten procedures are summarized in Tables 2, 3 , and 4.
Discussion
Retrospectively studying 16.156 reports from two university hospitals over a 66 month period, we demonstrated that for many vascular access and gastrointestinal fluoroscopy procedures commonly performed by radiology trainees, FT is greater than those for identical procedures performed by faculty radiologists, but only statistically greater for three procedures. Our findings overall support our hypothesis that the average FT would be inversely related to radiologist training level and experience, and are in line with the conclusions of prior smaller and more specific procedure-focused studies. [9] [10] [11] 18 However, there were some important, unexpected, and somewhat counterintuitive observations. In the case of PICC placement, for example, FT was significantly less for residents vs. fellows and residents vs. faculty. The reason for this is uncertain, but we believe that this could be related to our belief that the most difficult skill to master for PICC placement may be the initial venous access, rather than fluoroscopy guided catheter positioning, thus making FT far less dependent on operator experience than for other services. Additionally, since PICC line placement is one of the most common vascular interventional procedure for residents, fellows and faculty likely more commonly serve as primary operators only in more complex procedures.
Although the small differences we observed in trainee vs. faculty FT may not have biologic significance (e.g., increased risk of radiation-induced injuries to skin and hair, or radiationinduced cancer) [19] [20] [21] [22] [23] [24] [25] [26] [27] to any individual patient for a single exam, patients receiving multiple exposures to fluoroscopy and other procedures with ionizing radiation may benefit from decreasing the magnitude of these exposures. 20, 24 Also, in some settings, as when using a portable C-arm fluoroscopy unit, the risk may be higher to the operators and patient depending on the tube position, and minimizing exposure time would be important to the care team as well. 28 Overall, our findings of longer average FTs for radiology trainees when compared with faculty radiologists are not unexpected. Indeed, our study builds upon previous works by involving a greater sample size over a longer period of time, and including a broader array (i.e., ten different) of procedures. It importantly identifies some counterintuitive observations (e.g., with regard to PICC lines) previously not reported. Obtaining such quantitative data on FTs and better understanding these differences may aid residency training programs and radiology departments in better developing benchmarks, protocols, and focused teaching in the safe use of fluoroscopy to minimize radiation dose to patients, trainees, and other hospital staff.
As a cross-sectional retrospective study, our study has several limitations. First, our results, while involving two university hospitals, represent the experience of only a single residency program within a single large healthcare system. Nevertheless, given the overall concordance of our findings with those from prior studies, we believe that our results are likely generalizable to other similar institutions. Second, the precise extent of supervision by faculty radiologists could not be ascertained, since it was not robustly and uniformly documented. It could indeed, however, certainly affect average FTs. Third, the level of complexity of the patients requiring procedures may not be equally distributed between the trainee and faculty radiologist groups. For example, faculty radiologists may have opted to perform more complex, time-intensive examinations alone, which would increase their average FTs for some procedures. Fourth, FT is only one of many factors that affect radiation dose from imaging-guided procedures. Four patient radiation dose metrics for imaging-guided procedures have been described 24, 29 : (1) peak skin dose, (2) cumulative dose, (3) dose-area product, and (4) FT. While newer units display this data at the time of the procedure, many fluoroscopy units still do not make this dose information available in a usable format for dose tracking systems. From a methodological perspective, it is important to recognize that as a retrospective study, this data was not recorded prospectively and is unavailable. FT is the simplest and most widely available surrogate for radiation dose and is the factor that the Food and Drug Administration (FDA), the International Commission of Radiological Protection (ICRP), and the American College of Radiology (ACR) recommend be monitored during fluoroscopically guided intervention procedures. [29] [30] [31] [32] [33] For these reasons, FT was chosen as a practical metric for our study. FTs are also recorded manually from the fluoroscopy console into the radiology information system by the radiology technologist and then added to the imaging report by the operator. In the event that a technologist forgets to record the FT, the reported FT would be subject to the recall bias of the operator. And finally, although an improvement in FT would be expected during training, there was insufficient power to compare FT for junior residents compared with senior residents for each procedure; some procedures were more likely to be performed by either junior or senior residents due to the timing of fluoroscopy rotations in the curriculum.
Overall, the present study found that for most (but not all) vascular access and gastrointestinal fluoroscopy procedures commonly performed by radiology trainees, FT is greater than those for the same procedures performed by faculty radiologists. As fluoroscopy exposure comes under scrutiny and because of the patient, trainee, and other hospital staff safety implications, residency training programs and radiology departments should implement quality improvement initiatives, policies, and training programs in order to manage FT during imaging-guided procedures and to minimize radiation dose as much as possible, in accordance with the "as low as reasonably achievable" principle. To address radiation dose in fluoroscopy, a training program should focus not only on techniques to reduce FT, but also collimation, magnification, positioning of the fluoroscopy tube and detector, patient positioning, fluoroscopy pulse rate, use of digital subtraction, and use of protective equipment to reduce radiation to the patient and operator. 5, 13, 34 Fluoroscopy dose tracking would be required to measure the effects of such training, which will become more feasible as manufacturers make it easier to extract dose information. The establishment of internal and national benchmarks for FT and fluoroscopy dose, as is currently done for CT through the ACR Dose Index Registry, would aid residency programs and practicing radiologists in developing metrics for improvement.
Currently a metric under the Physician Quality Reporting System program 17 , fluoroscopy radiation exposure time will likely continue to be important to radiology practices, since it is a measurement under the Merit-based Incentive Payment System 35 , part of the Medicare Access and CHIP Reauthorization Act of 2015. As reimbursements become increasingly tied to quality, institutions that develop dose-conscious training practices would not only protect patients and trainees from unnecessary radiation but may also realize financial benefits. Table 2 Average fluoroscopy time (in seconds) for various imaging-guided procedures performed by radiology residents versus faculty radiologists. Table 3 Average fluoroscopy time (in seconds) for various imaging-guided procedures performed by radiology fellows versus faculty radiologists. Table 4 Average fluoroscopy time (in seconds) for various imaging-guided procedures performed by radiology residents versus fellows radiologists. 
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